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ABSTRACT

Electrophoratic protein patterns of hemolymph were determined for
207 stonefly nymphs from Southwestern Montana between June 1565 and April
1966, Of these, 194 were FPtercnarcys californica. Distinct differences
were found among the patterns obtained from Preronarcys, Pteronarcella,
Acroneuria and Arcynopteryx. P. californica had a characteristic protein
patiern although intraspecific differences were observed. WNo differences
were found between the patterns of males and females. Significant differ-
ences in protein concentration for certain bands were found among nymphs
of P. californica taken from the West Gallatin River, Madison Rivex and
Yellowstone River., Nymphs subjected to light, dehydration and various
concentrations of CuS0, were found to have significantly different con-
centrations of protein in several bands.




INTRODUCTION

The hemolymph of cevtain stoneflies from Montana was studied elsctro-
shoretically during the period June 1965-April 1966, The objectives were

to: make an intensive study of Preronarcys californica from one area;

determine if there were intergeneric differences in hemeclymph composition
between P, californica and other stoneflies; determine if stress alters
the hemolymph pattern of P. califormica; compare the patterns of P, gali~
fornica from several areas. P, californica was selected for use in this
study because of its large size and availability.

The blood of 2 variety of animals has been subjected to electrophor-
etic analyses. Individual variations were found among the larvae of

Eacles imperialis and starvation affected the hemolymph protein pattern

of Malacosoma americanum larvae (Whittaker and West, 1962). Specific

slectrophoretic patterns were found in the avachnid fawmilies of Ixodidae
and Argesidae {van Sande and Karcher, 1960}, Electrophoretic patterns of
fish exposed to various pellutants were noticeably differsnt from those
of unsxposed fish {Fujiya, 1961). Electrophoretic differventiaticn of
Anolis lizard populations was accomplished by Gorman and Dessauer (19653).
The stoneflies used in my study were collected in the fellowing
places: West Gallatin River near Axtell’s bridge, Gallatin County;
Madison River near the bridge on Highway 289, Madison County; Yellowstons

River near Carter®s bridge, Park County.



METHODE
Colisction, Hemolymph Removal and Electrophoveric Procedures

Stonefly nymphs were collected with a wire screen and 10-12 specimens
were then placed in a gallon jar £illed with river water and transported
to the laboratory. The time between collection and hemolymph removal was
usually 2 hz. Heparinized microhematocrit tubes (75 mm) were used to
remove the hemclymph. These were prepared by drawing out one end over a
flame and then breaking it off to the desired opening size. The tip was
inserted into 2 nymph at approximately a 30° angle to the horizontal im-
mediately postericr to the metathoracic tergite, Tubes containing hemo-
ivmph were centrifuged for 3 min. at 15,300 RCF. The sediment was then
discarded and the supernatant placed in the rvefrigerator at 3-3 C. Lowry's
method (1951) was used for protein determinations. Approximately 200 pg
cf protein was analyzed in sach gel. Electrophoresis was carrvied out
according to the method of Ornstein and Davis (1%62) with equipment modi-
fications described by Thurston {19663, The large pors spacer gel was
omitted because of polymerization difficulties, The protein sample was
mixed with 0.15 ml of large pore gel, layered on the small pore gel column,
and left in fluorescent light for 20-25 min. Gels were inserted in the
upper of the two buffer reservoirs and buffer was carefully added to avoid
disturbing the large pore gel, This procedure was followed regardless of
polymerization in the large pore-sample gel. Eight gels were run for 1
hr, with a total of 24 ma being applied to the system, The small pore gel
was preparved at room temperatule whereas the iarge pore gel and elscirvo-

phoresis were done at 59 ¢,
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Stress

Nymphs of P. californica were subjected to drying and to light expo-
sure to determine if these treatments alter the electrophoretic protein
pattern. Ten nymphs were placed in a jar without water but containing
damp paper towels and kept inm a refrigerator {5 C) for 6 days. Compari-
sons were made betwsen their electrophoretic patterns and those of freshly
collected nymphs from the West Gallatin River., Ten newly-caught nymphs
were kept in a jar containing 5 liters of continuously aerated water
£11 ¢). These were exposed to a 100 watt bulb suspended 12 inches from
the side of the jar for 6 days. The electrophoretic patterns of the light-
exposed nymphs were compared with controls taken from the West Gallatin
River.

Nymphs wers subjected to various concentrations of CuSQ,; to see if
chemical stress altered the electrophorstic pattern. Copper sulfate was
used in the following concentrations: 0.4, 0.8, 10,0 and 50.0 mgiliter,
Five liters of dechlorinatsd tap water were used in each jar, and rocks
were sdded teo provide concealment and footing. Water Cemparatures ranged
from 4 to 15 € (aversge 8 C). Solutions were replaced daily and the jars
were rinsed between changes, Pattern comparisons were made between the
0.4 and 0.8 mg/liter groups and a control group whereas the 1.0 and 10,0
mg/liter groups were compared with nymphs taken dirvectly from the West
Gallatin River. HNo comparisons were made with the 50 mg/liter group
because the volume of hemolymph extracted was insufficient for centrifuga-

tion or te run a Lowry's test, Chemical characteristics of water usad
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during the test were: dissclved oxygen 9.2-10.4 ppm, pH 7.3-8.3, pheno-
phthalein alkalinity O ppm, methyl orange alkalinity 90-91 ppm and total
hardnesgs 90-123 ppm,

Analyses

A Joyce Chromoscan recording densitometer was used to obtain a graph-
ic profile of the gels, Absorption of light by Amido Schwarz dye does not
follow a linear relationship therefore a specially designed cam was in-
stalled in the Chromoscan so the height of the curve at any point is in
direct linear relationship te total stained protein present. A polar plan-
imeter was used to determine the total area of all bands as recorded by
the densitometer and that of the individual bands from the profile. A
percentage was then determined by dividicg individual areas by the total
area, Visual comparisons were made by placing gels against a light color-
ed background and noting differences in band arrangement. A nomogram was
used to determine changes in distances migrated by the various bands.

The gels in which the lead band migrated the furthest and least distances
were used to construct the nomogram. Lines were drawn on paper connecting
identical bands of the twe gels. Distances migrated by the bands of other
gels were compared with those on the nomogram and variations in the dis-
rences migrated could them be quickly detected, One way analysis of wvari-
ance and Duncan's New Multiple Range test were used in the statistical

analyses of data,



RESULIS

The electrophoretic protein patterns of 207 stomefly nymphs were

derarmined and of these 194 were Preronarcys cazlifornica. The others in-

cluded the following gensra: Arcynopteryx, Acroneuria and Preronarcella.

The number of bands, approximate distance migrated by the lead band {no.
1) and the band arrangement were used for all comparisoms. The number
of bands found in each genus and the distance migrated by band no. 1 are

as follows:

Distance {(mm) Migratad

GCenus No. Bands Band no. 1
Acroneuria 15 28
Arcynoptervx 13 33
Preronarcella i0 31
Pteronaxcys i3 34

Distinct differences were found in the arrsngement of bands with

respect to sach other and to the large pore gel {Fig, 1A). Pteronaxcells

was distinguished by the widest separation {17 mm) between bands no. 1 and
4 (bands no, 2 and 3 were barely discernible}. Acroneuria was the only
one with 7 hesvily stained bands while the others had five or less. Arcy-
nopteryx was distinguished from the others by having & moderately stained
and one heavily stained band within 22 mm of the origin. Pteronarcys was
distinguished from the others in having the first 4 bands separated by 13
mm with nearly equal spaces between them. Three to 5 pliters of hemo lymph

were uged to obtain the electrophoretic patterns of Acyeneuria, Arcynopia-

vy and Ptercnarcella. Lcwary“s test was not carried ocut on their hemo-

lymph so the gels were not analyzed on the Chromoscan.



>revonarceys caiiforpica

Hemolvmph of nymphs taken from ome locality in the West gallatin
River was analyzed electrophoretically to determine pattern variationms.
Ten males {29-42 mm) and 17 females (32-535 mm} taken between July 27, 1965
snd January 11, 1966 were used. The distance migrated by the bands, band
arrangement and the relative amount of protein in each band was used to
evaluate differences. The average distances {mm) migrated from the large
pore gel for each band were as follows: 1=34, 2-31, 3«27, 4-22, 5~16, 6~
11, 7-8, 8=6, 9-3. The number of bands between band no. 9 and the large
pore gel varied from O to 4, These were found in most gels. The great-
est width of these barely discernible bands was 0.1 mm and thé distance
migrated in most experiments were from 1 to 3 mm. Bands no. 8 and 9
migrated 2 mm further in one gel than in any of the others. Only five of
the 27 gels were satisfactory for Chromoscan analyses. The most common
variations were in bands no. 2, &4, 6 and 9 (Fig. 1B). Band no. 2 was
shsent in 60% of the gels and 20% of bands no. 4 and & were each split
into two bands., In 4 of 5 gels band no. 9 showad partial separation into
two bands however complete separation might have occcurred with longer
vunning time, No two nymphs had identical concentrations of protsin in
ail casez, OF those messured the least amount of protein was found in
band no, 2 and the most in band no, &, The others, in incrsasing ovder of
provein concentration were 1 and 4, 3, 5, 8, and 7. The protein density
of bands 9-13 was not determined. Band no. 9 was omitted because the pro-

tein concentration was consistently greater than could be measured by the
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Protein Pattern Variations in Hemolymph of Males and Females. The

electrophoretic patterns of 21 females and 14 males from 2ll streams ware
compared visually. Ten females and 7 males from ome lot were compared
using the Chromoscan. Visual and nomographic examinations of gels reveal-
22 no differences attributable to sex. There were no marked differences
in mean protein concentration per band for 3 males {33=44 mm) and 3
females {52-54 mm) taken the same day in the Madison River, Females had
1.9% greater mean protein concentration in band no, 1 than maleg, but
males had 1.3% greater protein concentration than females in band no. 7.
These small differences are probably due to intraspecific differences not
related to sex.

Partern Variations Among Nymphs from Different Streams

Nymphs were secured from the West Gallatin River, Madison River and
the Yellowstone River between Névember 17, 1965 and Januvary 4, 1966 for
comparison of electrophoretic patteruns. Nomographic analyses of electro-
phoretic protein patterns did not show differemces im ralative distances
wigrated by idemtical bands, Visual comparisons of the gels revealed
differences in the arrangement of bands no. 2, 4, 6 and 9. These were

¢ithey absent, split into two bands or partially split (Table II, Fig.

Protein concentration inm identical bands were statistically comparsd
using one way analysis of vavriance. Significant differences at the 5%
level were found between nymphs from the three streams. WNymphs from the

West Callatin River and Madison River had significantly diffevent protein
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concentrations in bands no. 1, 6, 7 and 8; those from the West Gallatin
River and Yellowstone River in bands mno. 4, 6 znd 7 and those from the
Yellowstone River and Madison River in bands no. 4, 6, 7 and 8. The mean
protein concentration per band for nymphs taken in the three streams were
compared {Fig. II, Table 1}, The greatest variation in mean protein con-
centration was found in band no. 6 (35.5% to 50.9%), the least in band no.

5 (6.5% to 6.9%)

Table IT. Band arrangement differences among nyuphs,

Ko. Band No.

Stream Specimens Band 2 4 6 9
absent 3
West Gallatin 5 partially
split 3
split 1 1

absent i
Madison 6 partially
split &
splitc 2 5

absent
Yellowstone 5 partially
split 3
split 3 5

Pattern Variations Resulting from Stress

Sixty-five nymphs collected between February 7 and April 29, 1966 in
the West Gallatin River were used to test the effects of various stresses.
Stress did not cause detectable changes in the number of bands or their
arrangement. Stressed individuals showed no more variations in partial

splitting, complete splitting or presence of bands than did controls (Fig.
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1D). Nomogram analyses of hemolymph patterns cbtained for 6 nymphs sub-
jected to 50 mg/liter CusC, showed rhat bznds no. 7, 8 and 9 migrated 2-8
mm further in the gels of 4 of these specimens. However, this hemolymph
had not been centrifuged (resulting im non-removal of heavy particles) and
this rather than stress may account for the difference in migration. B5ix
nymphs were subjected to 0.4 mg/liter CuSQ, and band no. 9 in gels from
all of these migrated past the nomogram limit for distances ranging from
1=3 mm. This band also migrated 1 mm past the limit in one contrel. The
reason for this is obscure.

One way analysis of variance showed significantly different protein
concentrations in some bands at the 5% level, The ranges and means in
protein concentration per band resulting from stress treatment are shown
in Table III. Significant differences were found for the following con-
centrations of CuS0,: 0.4 mg/liter group in band no. 8; 0.8 mg/liter
group in band no. 2; 1 mg/liter group in bands né. 1, 6 and 8; 10 mg/liter
group in bands no. 1, 6 and 7. Hemolymph protein concentrations of nymphs
subjected to dehydration and light exposure were compared with controls
and significant differences were found in bands no. 2, 4 and 6. The mean
volume of hemolymph required to obtain 200 pg protein was less in stress

groups (2.18 nliters) than in nymphs taken from the three rivers {2.92

uliters}.



Figure 1. Electrophoretic protein patterns of hemolymph from stonefly
nyvmphs, A, Intergeneric differences {left to right)} Pteronarcys, Arcynoc-

teryx, Ptercnarcella, Acroneuria. B. Intraspecific differences in P.
califcornica. C. Pattern variations between nymphs from the West Gallatin
RBiver {outgide gels) and Madison River {inside gels). D. Patterns from
nymphs subjected to stress. Left to right: unstressed, dehydration, 1 mg/
liter CuSC,, 10 mg/liter CuSQ,, light.
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DISCUSSICN

One advantage of disc- over paper- electrophoresis is in the greater
number of protein fractioms which can be distinguished. With its high
resolving power, disc electrophoresis may be more useful in separating
genera of stoneflies because slight differences in their hemolymph pro-
teins are readily revealed, Numerous variations were found in the electro-

phoretic protein patterns of the relatively few Pteronarcys californica

studied, and it is likely that the range of variations is greater than
that found for this species. The number of specimens used for the statis-
tical analyses in the stress experiments and stream difference comparisons
was quite small. This makes statistical interpretation less valid. The
use of disc electrophoresis as a tool in detecting changes in hemolymph
protein of nymphs subjected to stress may be a useful tool in poliutien

studies,
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